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Improving Dam Functionality by Using Hydrological Forecasts
TOMOHIDE USUTANI
abstract
Concerns have arisen over increases in the scale and frequency of localized torrential down-
pours and other meteorological disturbances accompanying climate change, and it is predicted
that such climatic conditions will lower ood control safety on rivers. There are also concerns
about the opposite risk, of drought, and measures for maintaining river safety and stable water
provision have been called for. More sophisticated management of multipurpose dams has been
proposed as a measure for improving ood control while maintaining of water availability. In
light of the above, ood control during the snowmelt season has become a problem for dams
in snowy regions. During the past several years, we have experienced heavy rains during the
snowmelt season, which had been considered a season with few heavy rainfall events. There have
been cases in which the dam operators were unable to respond properly by using conventional
ood control techniques. Toward addressing this, the present study aims at improving dam
functionality.
Pre-release of some of the dam water that is kept for use is one potential measure for improving
the functionality of a multipurpose dam; however, this entails a risk in the loss of water for use.
Proper pre-release requires that we determine when to release water and how much to release,
based on the prediction of how much water for use can be secured after the release. These two
items should be properly determined if pre-release of dam water is employed as a ood control
measure against heavy rainfall during the snowmelt season.
Use of runo forecasting has been examined for determination of when to start pre-release;
however, it has not been claried whether such forecasting is eective in securing proper storage
and safety. In this study, an analysis of the forecasting accuracy of hydrological information,
including that on precipitation and that on runo, revealed that forecasts of cumulative pre-
cipitation were advantageous. Based on the analysis results, we propose a technique for using
accumulative forecasted precipitation in timing the pre-release, and we demonstrate the ecacy
of the technique in securing safety in ood control and reliability of water availability.
Concerning the risk of pre-release leading to storage insuciencies, we constructed a compu-
tational model for estimating the water storage capacity of a dam watershed, and we proposed
a new technique for determining the minimum water level for securing water for use even after
pre-release. We conducted a simulation assuming that our forecast was "wrong" and proved that
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css fZ(T0   Ts)  Zn(T0   Tsn)g+W0slf (Z   Zn) +M0t = Gt (3.1)

n
fvL # +(1  fv)Tv4   Tsn4
o
























G = (1  )fvS + 
n
fvL # +(1  fv)Tv4   Ts4
o






ss = ksqs ;
dss
dt
= qrm   qs (3.6)
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= qs   q1   f
fb = (c3   1)
(3.8)
????
p1 = 0:6 ; p2 = 0:4648 ; k11 = c1A
































? 5? 12??13??????????????????? c1 = 6:388?c2 = 0:071?
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No ??? ?????km2? ??
1 ?? 14,327 ??
2 ???? 12,697 ?
3 ????? 8,941 ?
4 ??? 5,711 ?
5 ?? 3,379 ?
6 ?? 1,917 ?
7 ??? 1,083 ?
8 ?? 263 ???
9 ??? 646 ???
10 ?? 2,531 ???
11 ??? 1,713 ???
12 ??? 325 ????
13 ??? 1,116 ???
14 ??? 1,142 ???
15 ?? 651 ???
? 3.3 ??????????
No ? ?/? ????mm? ????
1 2004 08/20 127 ???
2 2005 08/22 123 ??
3 ? 09/07 237 ????
4 ? 10/22 109 ?
5 2006 05/28 162 ?
6 ? 06/16 106 ?
7 ? 08/04 108 ??
8 ? 10/07 109 ??
9 2007 05/26 117 ????
10 2008 05/20 125 ?
11 ? 06/06 101 ?



































































y=0.558x+0.959 (r=0.485) y=0.815x+0.760 (r=0.812)



















































































































































































































































































































 y = x 


















































y  = 0.7 x
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4?Kondo,J. and Yamazaki.T.?A prediction model for snowmelt , snow surface tem-


















































































































Vi = (VT   V0) + i 3600 qout (4.2)













































 Q = R
Q  = 0.82R  - 63.33














































































































qout = fqin(t)  qin(t  1)g+ qout(t  1) (4.4)





























































































































































































































































































































































































































































































































































??? ? fvR # +(1  fv) Tv4  QG +QR = Tg4 +Hg + lEg? (5.1)























































Hg = CpCHgU (Tg   T )
Hv = CpCHvU (Tv   T )
(5.4)
8>>>><>>>>:
lEg = lgCHgU feSAT (Tg)  eg 0:622
p






















  Pr  86; 400IPOT  (p=24) + SMAX????





????? ???? ????? ????
?? 0.005 0.10 0.001 0.10
?0.002? ?1.00?
???????? 0.001 0.20 0.001 0.10
?0.002? ?0.10?
?? 0.0001 0.001 0.0013 1.00
?0.002? ?1.00?






































?? t??????????Sw(t)????Sd(t) ?????t  1???????
?????????????????
Sw(t) = Sw(t  1)  fm(t)  e(t)g+ sf (t)
w

































































?? ???? ???????mm/yr? ??
????? 1998? 1999? 2000? 2001? ?mm/yr?
??? ???? 568 264 623 482 484
?????? ????? 514 540 563 552 542
??? ???? 498 238 505 511 438
????? ????? 472 498 514 518 501
??? ???? 653 349 454 365 455
???? ????? 566 582 612 601 590
??? ???? 588 384 630 373 494
????? ????? 544 558 583 565 563
??? ???? 397 342 495 351 396























?? ??? ??? ??? ??? ???
??? ???? ??? ?? ??? ???
?????km2? 12,697 1,661 2,531 1,116 1,142
?????m? 386 276 504 381 185
??????????? 70 75 81 80 56
??????? 4.7 4.9 4.9 5.7 6.7
?????m/s? 2.1 2.1 2.0 2.1 2.1
????mm/yr? 1,012 992 1,031 1,058 1,000
?????mm/yr? 761 917 702 655 597
????mm/yr? 1,289 1,471 1,278 1,219 1,201
????????????mm/yr? 484 438 455 494 396
2????????????mm/yr? 543 501 590 563 392








?????NOAA AVHRR ??? 1????????????????????
?????????????2001? 4? 28????????? 5? 13?? 2??
???????????????????????????????????


















































































































































































































































































































































































































































?? ??? ??? ?? 1 ? ?? ????? ??
?? ?? ? ??????? ?? ??? ??? ????  ?? ?? ???
?mm? ?m3/s? ?mm? ???? ?? ??
?mm?
???? 1 2005 08? 02? 21??04? 01? 50.32 103.64 12.32 11.98 0.0080 0.09 0.25 0.20
2 2005 09? 07? 03??08? 11? 81.95 179.86 22.95 2.57 0.02 0.28
3 2006 08? 18? 00??19? 09? 131.75 301.96 30.95 8.65 0.07 0.42
4 2007 07? 27? 21??28? 21? 63.62 74.17 4.61 2.60 0.02 0.23
5 2010 08? 23? 14??24? 19? 98.22 302.85 16.73 26.23 0.19 0.44
???? 1 2008 08? 03? 06??04? 04? 55.25 149.67 8.11 2.23 0.0097 0.02 0.24 0.20
2 2008 08? 15? 08??16? 19? 57.82 101.26 10.47 0.01 0.00 0.23
3 2009 07? 08? 01??09? 00? 50.86 145.67 13.02 3.38 0.03 0.24
4 2009 07? 18? 10??20? 07? 69.80 75.07 7.72 16.03 0.14 0.38
5 2010 08? 23? 13??24? 19? 134.96 718.93 41.52 25.72 0.22 0.57
???? 1 2005 08? 21? 18??23? 08? 79.43 235.10 21.88 27.11 0.0046 0.16 0.35 0.20
2 2005 09? 07? 01??08? 19? 82.72 144.30 15.78 0.36 0.00 0.23
3 2006 08? 17? 22??19? 06? 158.44 379.77 43.99 4.16 0.03 0.40
4 2007 09? 06? 11??08? 13? 89.28 49.19 9.12 0.55 0.00 0.25
5 2010 08? 23? 11??24? 21? 104.99 191.94 17.28 20.82 0.13 0.37
???? 1 2005 08? 21? 09??22? 10? 125.51 210.73 61.92 11.44 0.0150 0.22 0.72 0.43
2 2005 09? 07? 00??08? 14? 84.19 155.27 39.79 6.08 0.12 0.59
3 2006 08? 17? 21??19? 06? 88.91 57.38 31.86 0.00 0.01 0.55
4 2009 09? 06? 21??08? 16? 115.53 88.40 45.03 8.12 0.16 0.68
5 2010 09? 06? 19??07? 20? 60.03 89.73 27.38 24.56 0.16 0.52
???? 1 2005 09? 06? 22??08? 06? 157.09 155.94 30.63 0.15 0.0034 0.00 0.23 0.11
2 2007 09? 06? 20??08? 10? 89.62 22.53 7.58 4.44 0.02 0.15
3 2008 10? 09? 05??09? 18? 115.58 59.05 10.08 5.05 0.02 0.19
4 2009 09? 28? 04??29? 02? 94.81 34.19 5.64 0.10 0.00 0.15








































































= (1  f)r   qb













































































































































































































































































































































?? ??? ???? ??
???? 1 2 3 4 5
???? ????? 0.13 0.25 0.29 0.89 0.54 0.42
????? 0.20 0.38 0.31 1.18 0.34 0.48
???? ????? 0.20 0.37 0.18 0.49 0.29 0.31
????? 0.28 0.44 0.15 0.45 0.36 0.34
???? ????? 0.20 0.37 0.35 1.28 0.39 0.52
????? 0.19 0.38 0.48 1.63 0.38 0.61
???? ????? 0.68 0.38 0.46 1.18 0.39 0.62
????? 0.74 0.38 0.76 1.44 0.40 0.74
???? ????? 0.37 0.78 0.57 0.50 0.45 0.53
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